INTRODUCTION
Boron n i t r i d e obtained by chemical vapor deposition (CVD) has been used f o r many years i n electronic devices and high temperature e l e c t r i c a l engineering on the b a s i s of its high e l e c t r i c a l r e s i s t i v i t y , high thermal conductivity and good chemical i n e r t i a /I/. I n a d i f f e r e n t field, BN-based ceramic matrix composites (CMC), obtained by chemical vapor i n f i l t r a t i o n ( C V I ) of a porous preform made of ceramic f i b e r s , have been suggested a s an a l t e r n a t i v e t o carbon-carbon f o r applications a t high temperatures i n a i r . A s a matter of f a c t , hexagonal boron n i t r i d e has a c r y s t a l s t r u c t u r e very s i m i l a r t o t h a t of graphite, a high refractoriness and a b e t t e r resistance towards oxidation ( t h e oxidation of carbon i n a i r begins a t about 6 0 0 '~ whereas t h a t of hex-BN takes place above 8 0 0 -9 0 0~~) .
I n the f i r s t s t u d i e s , the goal was t o use boron n i t r i d e a s a matrix 12-6/.
More recently, the use of hex-BN a s a coupling interphase between t h e f i b e r s and the matrix, has been suggested f o r improving the toughness of CMC. It i s now well established t h a t the outstanding toughness ( i . e . s i m i l a r t o t h a t of l i g h t a l l o y s ) of fibrous CMC is d i r e c t l y r e l a t e d t o weak fiber-matrix bonding (which allows fiber-matrix debonding/friction Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1989540 and f i b e r p u l l out phenomena absorbing energy and thus increasing t h e work of f r a c t u r e and toughness). Regarding the high temperatures a t which they a r e processed. CMC a r e normally characterized by a strong f iber-matrix bonding and a b r i t t l e behavior. Therefore. controlling t h e fiber-matrix bonding during processing i s of key importance. One of t h e most e f f e c t i v e way t o weaken t h e fiber-matrix bonding i n C M C is t o introduce a mechanically s o f t material a t t h e i n t e r f a c e . It has been shown t h a t pyrocarbon, with i t s layered s t r u c t u r e f u l f i l l s t h i s requirement /7-9/. However, i n oxidizing environments t h e advantage of the pyrocarbon interphase is l o s t a t high temperatures. The use of i t s boron n i t r i d e counterpart has been studied i n a v a r i e t y of S i c (Nicalon) f i b e r composites ( t h e matrix being zirconia o r zircon, mullite. glass-ceramics and s i l i c o n carbide) i n order t o keep high toughness values under severe environmental conditions ( i . e . high temperatures and oxygen containing atmospheres) /9-12/.
The aim of the present work was t o characterize, from a physico-chemical standpoint. the s t r u c t u r e and microstructure of the boron n i t r i d e , deposited under CVI-conditions, e i t h e r on plan s u b s t r a t e s o r within porous f i b e r preforms, from a BF NH3 precursor according t 6 a process which has been described i n d e t a i l s elsewhere /2/. &e analyses of the B N deposits were performed by X-Ray Photoelectron Spectroscopy (XPS). Auger Electron pectroscopy (AES) and Transmission Electron Microscopy (TEM).
EXPERIMENTAL
The deposits which have been studied were obtained, under low pressure CVI-conditions, from BF3-NH3 gas mixtures (with an atomic NH3/BF3 r a t i o higher than one) a t a temperature of about 9 5 0~~. More d e t a i l s about the experimental conditions a r e given i n /2/.
The analyses were performed : (i) on f i b e r s extracted from dry S i c (Nicalon) f i b e r preforms a f t e r they have been consolidated with a small amount of boron n i t r i d e by C V I (i.e. a t a s t e p corresponding t o the deposition of the BN-interphase i n the processing of Sic-Sic composites) and (ii) on plane sintered S i c (1) s u b s t r a t e s which have been treated simultaneously. Therefore, there is a good agreement between the experimental d a t a whatever t h e morphology of the s u b s t r a t e s on which BN was deposited and t h e a n a l y t i c a l method. It i s noteworthy t h a t 11) from Ceramiques e t Composites, m SSI 301, PHI-590, @7 PHILIPS E M 400 T a s i m i l a r non-stoichiometry has been a l s o reported by G. Lacrambe f o r boron n i t r i d e deposited under close CVI-conditions from BC1 NH gas mixtures within porous f i b e r preforms 161. Therefore, a low nitrogen concentration ?;it; respect t o stoichiometric BN) seems t o be a general feature of the BN-deposits obtained from BX3-NH3 mixtures (with X = F, C 1 ) a t low temperature and pressure.
Due t o t h e dimensional difference between t h e space resolution of t h e XPS-apparatus
Furthermore and a s shown i n f i g . 1-2 and t a b l e 1 , there is a s i g n i f i c a n t amount of oxygen (i. e. 10 -15 % a t . ) i n the BN deposits obtained by CVI from BF3-NH3. A s shown i n The dhkl values a s w e l l a s t h e mean thickness of t h e B N l a y e r s (LC) w e r e derived from both XRD and e l e c t r o n d i f f r a c t i o n patterns and a r e given i n t a b l e 2. The low s t a t e of c r y s t a l l i z a t i o n of t h e B N deposits obtained under C V I conditions i s evidenced from the r a t h e r high do02 and low LC values. It i s noteworthy t h a t H. Tagawa and K. I s h i i 1171 as well a s T. Matsuda e t a l . 1181 had already mentioned t h e strong e f f e c t of the deposition conditions of B N (e.g. temperature and pressure) on do02 and LC, t h e i r d a t a being i n good agreement with those given i n t a b l e 2.
The analysis of the f i n e s t r u c t u r e s of the EELS spectra and more p a r t i c u l a r l y those occuring a f t e r the ionization edge of a given element (EXELFS) can be used t o derive its atomic surrounding 1131. However, i n t h e case of Boron Nitride due t o t h e poor distance between the Boron and Nitrogen K edges (188 e V and 400 e V respectively f i g 2 ) , the EXELFS 
3-B N deposition model
According t o T. Matsuda e t a1./21/, polymeric atom c l u s t e r s a r e formed i n the gas phase near t h e substrate. When these c l u s t e r s a r e adsorbed on the hot s u b s t r a t e surface, they undergo a thermal decomposition. When the amount of c l u s t e r s is too high, a long range ordering of t h e boron and nitrogen atoms is no longer k i n e t i c a l l y possible and the deposit i s made of randomly orientated stacks of B N layers and of pores (low density B N deposits) /21/. It is noteworthy t h a t L.E..Boravitch et a l . have suggested t h a t B3N3H3C13 c l u s t e r s could be formed i n the vapor phase p r i o r t o the adsorption and surface reaction ( i . e . thermal decomposition with an evolution of HC1 and incorporation of t h e boron and nitrogen atoms t o the deposit) s t e p s /22/. Fig 3 : Deconvolution of the B 1s XPS peak for BN deposited on 
